The Directorate of Public Works Environmental & Natural Resources Division (Fort Stewart/Hunter Army Airfield) contracted with the Pacific Northwest National Laboratory (PNNL) to monitor particulate matter (PM) concentrations at Fort Stewart, Georgia. The purpose of this investigation was to establish a PM sampling network using monitoring equipment typically used in U.S. Environmental Protection Agency (EPA) "saturation sampling," which is generally a receptor-based approach to sampling where receptors (humans) are likely to be present within an urban environment.
Introduction
Fort Stewart, Georgia, is home of the 3d infantry Division (Mechanized) and is the largest Army installation east of the Mississippi River. As part of ongoing environmental monitoring efforts at Fort Stewart, information is needed on the levels of suspended particulate matter (PM) found on and potentially leaving the installation. Exposure to excessive concentrations of these inhalable fractions of PM has been implicated in adverse public health effects (USEPA 1996; Vedal 1997) . Pacific Northwest National Laboratory (PNNL) under contract to the Directorate of Public Works (DPW) Environmental & Natural Resources Division (Fort Stewart/Hunter Army Airfield) initiated a study to evaluate airborne concentrations of particulates less than 10 μm (PM10) and 2.5 μm (PM2.5) with respect to conditions and training activities on the installation. In 1999, PNNL established a sampling network at Fort Stewart; sampling was conducted through 2002. This report presents the initial results of that study.
Background
Fort Stewart, located in eastern Georgia, encompasses approximately 280,000 acres of mostly pine forest. It stretches 39 miles from east to west and 19 miles from north to south. The installation is primarily forested with a few large grass-covered areas associated with firing ranges. The installation contains an extensive network of dirt and concrete paved roads commonly referred to as tank trails. Tracked and heavy tactical vehicles use this tank trail network to travel from the cantonment area to various training areas located throughout the installation. Prescribed burns are a major activity in the pine forest ecosystem. The prescribed burns are used to promote red-cockaded woodpecker habitat, Army training, and forest productivity. Many of the forest stands surrounding installation boundaries are also treated by prescribed burning.
The installation is surrounded by agricultural fields with typical crops, including tobacco, cotton, vegetables and poultry production. Nearby urban development is concentrated in the towns of Hinesville (contiguous with the Fort Stewart cantonment area at the south end of the installation); Pembroke, located approximately 2 miles north of the installation boundary; Richmond Hill, located 2 miles east; and Glennville, located 2 miles from the western boundary. The large urban area associated with the city of Savannah is located approximately 20 miles to the east. The installation extent and surrounding population density is shown in Figure 1 .1.
The Savannah metropolitan area represents the nearest area with historical PM monitoring. PM10 data have been collected in Savannah by the Georgia Department of Natural Resources (GADNR) since May 1996. The air quality web site maintained by the GADNR reports that daily and yearly averages for PM10 did not exceed the regulatory limits of 150 µg/m 3 per day or 50 µg/m 3 per year since measurements began in 1996. Therefore, the Savannah metropolitan area is in attainment with respect to the PM10 standard. However, new National Ambient Air Quality Standards (NAAQS) regulations for PM2.5 are likely to be more difficult for the region to meet; therefore, this investigation has emphasized measurements for particles in the fine particle (PM2.5) size fraction. 
Objectives
U.S. Army Forces Command (FORSCOM) has been active in establishing program air managers at many of the larger Army facilities. The air manager is responsible for obtaining permits and meeting state and federal air quality regulations. Previous efforts of the Fort Stewart air program have been directed at permitting and regulatory compliance issues.
In 1999, a field-measurement program to determine the effects of large-scale training on air quality within the borders of Fort Stewart was initiated. This was partially driven by the proposed PM2.5 regulations that were expected to list much of the East Coast as being in non-attainment status and by the lack of PM measurements within the installation boundary, necessary for determining how the installation air quality compared to nearby Savannah.
PNNL's first objective was to establish a field air measurement program to determine PM10 and PM2.5 concentrations at selected areas of the installation near training areas. The PM data can also be compared with the nearby Savannah air sampling sites to determine if installation air quality differs from the nearby urban area. At Fort Stewart, complicating factors in establishing a measurement program included the large spatial extent, extensive and tall vegetative cover (pine trees 80+ ft), the potential for 1.3 significant nighttime emissions (much of the military training occurs at night resulting in particulate sources whose locations are unknown and rapidly changing), and prescribed burns within and outside of the installation.
Visual observations during site visits and experience from other Army installations indicate unpaved roadways and tank trails are associated with most training-related PM production. A second objective of the field task was to identify roadway sections with the greatest production of PM. Mapping relative roadway contributions of PM allows managers to target problematic road sections and enhance the effectiveness of stabilizer applications (a limited resource). A subset (heavily used) of tank trails were characterized by measuring relative PM emissions underneath a four-wheel vehicle driving on the tank trails at 20 mph. This information will be useful to determine if soil type information from a soils map can be used to indicate which trails will contribute the most PM. The spatial information on relative roadway emission will help identify which specific segments of tank trails sampled contribute the most to PM releases.
2.1

Sample Site Selection and Descriptions
Because PM related to training can be produced anywhere within the boundary of Fort Stewart, we considered the entire installation as the study site. The ocean is only a few miles east of the installation, but the I-95 freeway runs between the ocean and the installation, and it is bordered by typical strip commercial buildup. The metropolitan Savannah area also is east of the installation. Locations of sampling sites were determined after consideration of several factors, including proximity to the installation boundary, location of facilities, and meteorology.
The approach recommended by the U.S. Environmental Protection Agency (EPA) when first assessing the PM concentration in an airshed or large facility is to saturate the area with samplers. Often, this is referred to as "saturation sampling." A facility is usually easy to define either as building walls or property boundary. Airshed boundaries are usually defined by geographic features, such as mountains that block or divert flow. The Fort Stewart airshed is not well defined as the elevation gradually increases from sea level at the Atlantic Ocean to a few hundred feet many miles west of the installation.
General flow patterns can help determine regional scale areas that are more likely to contribute to installation air quality or be affected by PM production on the installation. Initial examination of local weather data did not indicate a strong dominant prevalent air flow pattern; therefore, wind direction was not considered during sample site selection. The lack of a dominant flow pattern was also observed in recent model simulations using actual wind data for 2001. Model simulations of back trajectories for each day of 2001 were generated using the Hybrid Single-Particle Lagrangian Integrated Trajectory model (HYSPLIT, a particle transport model; Draxler 1999) . The model simulation started at a location near the center of the installation and generated a position representing where the air parcel was previously each hour up to 24 hours before noon. A density plot at 1-km grid scale was generated from each day's back trajectory to show the areas that were more likely to contribute an air parcel to the Fort Stewart airshed. The density plot in Figure 2 .1 is remarkably uniform with only slightly increased likelihood of air entering the installation from the west and from the northeast (Savannah).
The presence of tall dense pine forest complicated selection of appropriate sample sites, because the environment existing beneath a closed canopy (i.e., relative humidity, wind speed, and wind direction) can be quite different from that found above the canopy. Surface air mixes with upper elevations by an exchange of air parcels referred to as eddies. Eddy size increases with height, and in an open, obstruction-free environment, the process of mixing is primarily controlled by thermal (buoyancy) and shear (wind speed) processes that affect eddy size and movement. This mixing process can be greatly reduced by introduction of a physical barrier such as a vegetation canopy. The dense canopy reduces mixing between local source/receptor at ground level and air above the forest canopy where larger scale transport would dominate. Additionally, the trees act as a source (pollen) or sink (interception of dust by leaves) for PM. As a result, for this study we used a dual-height sampling design to examine if the tall canopy was a significant factor in PM concentrations. The existing fire tower network (five sites) was selected as readily available sites where sampling could be accomplished near the top of the canopy. Samplers were located 80 ft above ground level on each tower. The lower sampler was located approximately 7 ft above ground level, to sample near-field source concentrations. The above-ground height of the lower sampler is similar to most receptor studies where the PM exposure of humans is being measured.
The tower sites are referred to as Lawson, Taylor, Oliver (or Glisson), Pembroke, and Richmond Hill as shown in Figure 2 .2. Two additional sites in recently logged tracts were established on the western and southeastern installation boundaries, respectively referred to as West and Tree. A centrally located base of operations was established approximately 1 mile north of the cantonment area along highway 144, and is referred to as Shed or Central site (CS). The Shed site has phone capabilities, power and storage facilities, and positions the PM samplers approximately 300 ft north of the state highway. Coordinates (UTM WGS84 zone 17) for each site are listed in Table 2 .1. 
2.4
Aerial images with a 1,640-ft (500-m) radius for scale encircling the tower or pole sampling site are shown in Figure 2 .2 for West, Pembroke, Taylor, Lawson, Tree, and Richmond Hill. Of the five tower sites, Oliver has the least expanse of tall canopy with Camp Oliver to the east, buildings to the west, and Glisson's Pond to the north, shown in Figure 2 .3. Pembroke is approximately 1,600 ft from the northern installation boundary and is surrounded by 100-ft-tall pine trees. Lawson is near the northern end of the cantonment area with significant cleared areas to the north and 80-ft-tall trees to the south. 
Measurement Methods
Regional airshed characterization is generally a two-step process. First, a large-scale study is conducted to evaluate variability and unexpected sources, usually by saturating the area of interest with inexpensive special purpose monitors. Second, a few selected sites found during the first step that represent key portions of the study area are measured for multiple years to determine if an area is in compliance. During the second phase, a few permanent sites are established using U.S. Environmental Protection Agency (EPA)-approved federal reference methods (FRM) to collect 24-hour samples on a fixed 6 th day schedule. Throughout the sampling process, continuous monitoring may be used, which provides frequent measurements during the day. The continuous data are used in apportionment studies (coupled with wind direction for source determination) and to detect patterns (i.e., rush hour traffic) in PM productions.
Two types of gravimetric filter-based samplers were used in this study. All sites used battery powered, low-cost, portable special purpose monitors (MiniVols, Airmeterics, Grants Pass, OR) configured with either PM10 or PM2.5 size selective inlets. One FRM sampler (Partisol-Plus Model 2025 PM-2.5 Sequential Air Sampler Rupprecht & Patashnick Co., Inc., Albany, NY) with a WINS 2.5 impactor was co-located with PM10 and PM2.5 MiniVols at the Shed site. Also at the Shed site, continuous PM10 data were collected using a 1400a Ambient Particulate Monitor TEOM (tapered element oscillating microbalance, Rupprecht & Patashnick Co., Inc., Albany NY). The inlets for the Partisol-Plus, and co-located MiniVols are side by side, and the TEOM is within 50 ft.
At the five tower sites, the lower MiniVol was placed on the first cross bar at about 7 ft. The MiniVol with battery is 2 ft tall, resulting in a typical inlet height of 9 ft. The upper Minivol was placed on the second from top landing of the tower at 80 ft. The upper portion of a typical Fort Stewart fire tower site is shown in Figure 3 .1. Within the first 2 months of deployment of the MiniVols at the five fire towers, several occurrences of shortened sampling times were noted. It was determined that the periodic placement of Army communication equipment antennas on the upper portion of the towers would shut down the MiniVol timer. To minimize radio interference, the MiniVol electronics and battery were repositioned in a steel box located at ground level (Figure 3 .2). The steel box was very effective in eliminating the RF-induced timer lockup.
Either a 3/8-in. polyethylene or 1/2-in. PVC pipe was used to conduct the inlet flow between the MiniVol pump inlet and the filter holder/air intake. When only the filter holder was placed on the cross bar at the lower height, the inlet height was approximately 7 ft. Placing the inlet height above 6 ft also protected against animal disturbance since the sample sites were not fenced.
Data from three Georgia Department of Natural Resources (DNR) air-sampling sites located in or near Savannah were used for comparison with data from this study.
In 2001, two additional sites (Tree and West) were established at the installation boundary in areas with canopy height less than 30 ft. At these sites, a 25-ft pole was used to hold the upper height sampler ( Meteorological data sets were collected using MetOne anemometers and CR10X data loggers (Campbell Scientific Inc., Logan, UT). Data were returned to our Richland, Washington, office using cell phones. Meteorological variables collected at 1-hour intervals or less included: air temperature, relative humidity, wind speed, and direction. Data logger power was obtained from commercial 110-volt lines at fire tower sites and from solar panels at the two non-tower boundary sites. Additional meteorological data, including precipitation and wind information, were obtained from the Directorate of Public Works (DPW)-Forestry.
To collect data from the many miles of roadways located on Fort Stewart, a mobile dust mapper (MDM) was constructed using global positioning systems (GPS), and wide-range nephelometers (DataRam, MIE Inc). These two instruments provided the core measurements of position and under vehicle PM (UVPM) concentration. An additional piece of equipment used during the road sampling included a data logger that was able to record GPS position (backup), relative wind speed, and wind direction. These sensors and equipment were installed on a midsize rental SUV (usually Ford Explorer, see Figure 3 .4). Vehicle speed was 20 mph during sampling. A video system directed toward the rear of the vehicle recorded trailing dust plume with GPS-derived coordinates overlaid on the recorded image. The audio signal on the video recorder contained comments about traffic encountered, unusual road conditions, and general observations. The use of the MDM allowed rapid characterization of the relative emission of roadways under different environmental conditions. The PM concentration at each recorded position was analyzed in a geographical information system (GIS) (ArcGIS, ESRI, Redland, CA). For this study, GIS layers specific to Fort Stewart were provided by DPW-Environmental & Natural Resources. 
Data Analysis
Sampling data were compared using either one-way analysis of variance (ANOVA), where appropriate, or paired t-tests to assess differences between sample locations for data collected on the same day for the same time period. Comparisons were determined significant at critical values of 0.05.
Results
The PM2.5 values obtained within Fort Stewart boundaries ranged from the estimated lower limit of detection (2 μg/m 3 ) to high PM values far greater than would be expected in a typical urban saturation sampling study. A maximum PM2.5 concentration of 1,566 μg/m 3 was obtained at the lower elevation Lawson site on February 16, 2002. (The upper elevation sampler did not run that day.) This value was 24 times the daily average for PM2.5 and 10 times higher than the highest PM2.5 value found at Fort Irwin (dry desert environment). The large range observed in data is thought to be a result of localized training activities, (i.e., diesel generators parked next to samplers) and from controlled burns of the forest understory. Where supportive observations existed to identify specific training activities immediately adjacent to the PM monitor, the value was removed as being contaminated by a local source. Several high values are suspected to be due to adjacent generators, but direct evidence was not available to allow removal of the value from the analysis.
A primary objective of this study was to determine if the Fort Stewart airshed was different from that of nearby Savannah. Particulate matter has been monitored in the Savannah area since 1996. A similar mean concentration would indicate the area is one airshed, and that routine PM sampling at Fort Stewart would add little information to understanding the behavior of the coastal Georgia airshed. In the following four sections we review the PM concentrations measured onsite with similar data from Savannah; examine the MiniVol data (Appendix A) set to determine if there are differences in PM concentration across the installation; examine transport of PM across the installation boundary; and discuss an example of the training/prescribed burn analysis. The PM produced on tank trails is also discussed, and key areas generating PM under both dry and wet conditions are highlighted. 3 , equivalent to the average of the small Savannah sub-sample used to compare with Fort Stewart data. The Fort Stewart and Savannah PM2.5 values were poorly correlated, possibly because of the large localized effect associated with prescribed burns, or it maybe the result of a day-use pattern that differs between that of an urban area and a military installation. A later discussion will show that the Shed site is quite representative of the entire installation area.
Comparison of Fort Stewart and Savannah PM
A similar comparison for PM10 can be made between August 2000 and May 2002. During this time, there were 44 comparable days with 24-hour averages of PM10 from both the Shed TEOM site and Savannah. The Savannah average was slightly higher at 19 µg/m 3 , compared to 18 µg/m 3 for the Shed site. The means are not significantly different between the data sets, but the variance is quite large for the Shed site. The 24-hour TEOM averages are presented in the Appendix (Table A. 3). The urban environment with few forested areas would be expected to experience less interception and trapping of PM material. The Shed site is surrounded by forest, and it is reasonable to expect lower low concentrations of PM. The greater variability is also consistent with the intermittent use pattern associated with training or prescribed burn events, as compared to the more consistent daily urban activities that generate PM. TEOM data can be lower than filter based data because of the elevated collection temperature.
PM Values on Fort Stewart
Using only MiniVol data from the Shed site, there were 73 days with both PM10 and PM2.5 values available for comparison. For these 73 days, the average PM2.5 concentration was 15.7 µg/m 3 , which is 87% of the PM10 concentration of 17.9 µg/m 3 . There was little difference between average MiniVol PM2.5 data collected at the Fort Stewart sampling sites (Figure 4.1) . Using all MiniVol PM2.5 values, except for three extremely high values over 870 μg/m 3 (likely due to nearby diesel generators), the mean PM value at the lower sampling height was 14.4 µg/m 3 , and the upper height was 15.5 µg/m 3 . Figure 4 .1 shows that only Glisson and Richmond Hill had lower PM values at the higher sampling height than at the lower height. This indicates the source is close to the towers, and that the PM is not arriving in a well-mixed profile. A possible explanation is that both sites have adjacent dirt roads and have been observed to experience higher levels of vehicle traffic than many of the dirt roads located on the installation. At Glisson, the road is the major access to Camp Oliver from the west; tactical vehicles often were observed on this route, but there was little public traffic at this site. There was also a large graveled parking lot at the Glisson site where we occasionally observed heavy equipment parked. At the Richmond Hill site, the road provides public access to hunting and fishing with more civilian vehicle traffic than tactical vehicle use observed during filter change visits.
At two sites (Shed and Glisson) where the sampling area was more open (no tall trees), the lower elevation PM concentration was above 16 μg/m 3 . Values for the Richmond site also were above 16 μg/m 3 , but as mentioned previously, a dirt road nearby is used by both the Army and public. The mixing of ground level air with upper levels is not restricted by a tall tree canopy at these two sites.
Transport of PM Across Installation Boundary
The PM data from sites near the installation boundary was examined to determine if air leaving the installation contains more or less PM than air entering the installation. As shown in Figure 4 .1, the air below the canopy generally had a lower concentration of PM2.5 particles than the air near the top of the forest canopy (not significant at p=0.05). To minimize the local effect of the trees, the transport onto and off of the installation was determined from the upper sampling height. The MiniVol concentration values can be associated with the average wind vector (direction) occurring during the 24-hour sample collection time period. Three of the fire tower sites were close enough to the installation perimeter to justify a simple separation of wind direction into two 180-degree sectors, referred to as incoming and outgoing wind direction. The upper-elevation PM2.5 concentration was plotted against wind direction (Figures 4.2, 4 .3, and 4.4) to evaluate whether lower or higher concentrations corresponded to inflow or outflow of air to the installation.
The Richmond site, located on the east end of the installation, is surrounded by tall trees. Comparing the Richmond site PM2.5 data for the upper height with respect to wind direction in (Figure 4.2 th are elevated, and the source for the elevated PM is likely to be off the installation. The Range Facility Management Support System (RFMSS) indicated a small number of troops were in the field in training areas near cantonment, and a small 15-acre wildfire occurred near the Lawson site, but winds only blew from the location of the fire toward the Pembroke site for a few hours just before dawn, most likely prior to the fire starting. The West site, as seen in Figure 4 .4, had significant agricultural activity south and west of the measurement site. The average PM concentration of the outflow at 11.4 μg/m 3 was significantly less (p=0.05) than the inflow average of 23.3 μg/m 3 . Although not conclusive from such a small sampling, the two higher PM2.5 concentrations seemed to be coming from the general direction of the farmed land and a poultry farm located just outside the 1,640 ft radius at about 220 degrees (Figures 2.2 and 4.4) . Poultry farms can be a major source of PM material because of continual disturbance of the floor surface (food, soil, and feces) by the birds and by large cooling fans used to control temperatures within the poultry shed. Lim et al. (2003) observed a daily average PM2.5 concentration of 39 and 518 μg/m 3 for PM2.5 and PM10, respectively, from a laying hen house.
Comparison of Training and PM2.5
One study objective was to determine whether troop and vehicle concentrations were related to PM concentrations. Training activities, as captured by the RFMSS database, were used to track the use of training areas at Fort Stewart. The table "Uprocess" within RFMSS was queried to provide the total 4.7 More than one training area can be in use within a 24-hour period, and more than one group can be using the same area. All available PM2.5 (Table A. 2) values collected at the towers and pole sites were averaged for each day and compared against troop number ('ActNumPers') in the field summed by day. Figure 4 .5 illustrates the lack of a clear relationship between PM2.5 concentration (y axis) and climatic season (date x axis), troop number (bubble size), days since precipitation (color). It is not surprising to see a wide range of troop numbers at low PM concentrations as rainy weather will keep PM concentration low, irrespective of the number of troops in the field. The 2000 spring and summer drought had a few higher average PM2.5 values than subsequent years.
The RFMSS database was queried from within ArcGIS, facilitating the display of 'ActNumPers' and troop position relative to the sampling sites. This allowed for a more detailed examination of the data to detect any relationship between PM source and specific sampler PM values. For example, we compared measurements from the sequential sampler located at the Shed site with troop locations. On January 28, 2001, an elevated PM2.5 value of 47 μg/m 3 was measured at the Shed site. #T= 12 #W=10 #T= 50 #W=10 #T= 35 #W=10 4.9
shown in the inset as diamonds (ground level) and circles (500 m elevation). The points represent where a particle came from at 1-hour time steps, with the ending point being the Shed site at noon. Figure 4 .7 indicates that on January 29, 2001, there were still troops in the field, and three additional prescribed burn sites were ignited. The low sequential sampler value of 9.9 is a result of the winds arriving primarily from the south with little chance of smoke from the prescribed burns. On May 8, 2002 , fires in the Okefenokee Swamp in southern Georgia sent a smoke plume in a northeasterly direction passing over Fort Stewart. The smoke plume was visible in a GOES satellite image obtained from the NOAA Fire Weather Information Center (Figure 4.8) . On May 8, 2002 , there were four MiniVol PM2.5 measurements available and hourly PM10 data from the TEOM. Three heavily treed sites, Pembroke, Taylor, and Tree had very low PM2.5 values (<6 µg/m 3 ). The MiniVol at Glisson showed a relatively high value of 77.6 µg/m 3 and the 24 hour average PM10 for the TEOM at the Shed site was 45.3 µg/m 3 . These two sites have a much larger area free of trees which would promote boundary layer mixing down to the 2-mile sampling height. Winds at the Lawson site were generally from the south and speeds were low (<2 mph for most of the daylight hours). 
Tank Trail PM Production
The most obvious PM emission outside of cantonment occurs from vehicles traveling on dirt roads or tank trails. Often, a facility may be required to obtain a permit for expected releases from short-term construction activities or long-term training activities. When unpaved roads are involved in the activities, permit applicants will use the AP-42 emission factors for the closest type of activity listed (USEPA 1995). The EPA recommends using site-specific emission factors because the AP-42 values are based on averages.
The current emission factor equation in AP-42 includes factors for silt content, vehicle speed, vehicle weight, and number of wheels. The calculated emission is adjusted by a particle size multiplier (increases to 1 at 30 μm) appropriate for the emission size fraction of interest. During the permitting process, the emissions might be calculated for the amount of miles of road surface with different road surface silt content. The simplest approach is to estimate silt content from soil map. This may not reflect the actual 4.11 emissions for reasons such as: the road bed may not be derived of local materials, might be from some unknown depth in the soil profile, may have previously received stabilizer treatment, or may have been broken down by extensive vehicle traffic.
Sampling and analyzing surface soil samples at sufficient density to characterize hundreds of miles of road surface was not cost effective. We used the MDM to record vehicle location and measure UVPM. These data were collected using an SUV four-wheel drive vehicle, where the actual sampling occurred behind the front wheels and ahead of any significant motor emissions. This point source (1-second instantaneous UVPM concentrations often thousands of times higher than and having the same units as ambient air monitoring) should not be confused with ambient PM monitoring. Ambient monitoring is generally a 24-hour average from 2 miles or higher located in a well-mixed air stream representative of a large spatial extent.
The main tank trails (Routes 5, 129, 40, and 144) on the west side of the installation were sampled on June 28, 29, and July 1, 2002. These three separate data sampling runs form a triangle in Figure 4 .9, which illustrates relative increase in PM production as colors change from green (low) to red (high). The blue background represents the loamy soil types, and the white areas are coarser soils with less silt. The areas with high relative concentrations near the state highway are prime candidates for remediation. The 4.12 western area of Fort Stewart receives the greatest training pressure, has a slightly higher elevation and trails that tend to dry out more quickly after precipitation events than other areas found on the installation. The major north south tank trail (Route 5) was also sampled in May 2000. These two sampling runs are shown side by side in Figure 4 .10. Even though the average PM concentration measured, differed by three orders of magnitude (July 2002 data collected shortly after a rain event had a very low average PM), many of the elevated concentrations shown by red areas are in the same locations in both images. And, again, many of the elevated areas are close to the highway. (Figure 4.11) . There are two areas that standout with elevated PM production the portion of the road near the wetland area in training area D4 and part of the tank trail in training area A-19. The wetlands area probably has higher silt content and is often rougher due to dried ruts in the roadway. The elevated PM found on the tank trail on the northwest boundary of A-19 is probably due to traffic between cantonment and outer training areas via the tank trail that divides A-18 and A-19 heading east. 
Conclusions
The results presented in this report indicate that training at Fort Stewart does not appear to have a significant impact on average PM concentration as compared to PM data collected at nearby Savannah, GA. Under the current PM10 regulations, the installation is in an attainment area. Values for PM2.5 found during this sampling effort indicate that, if proposed PM2.5 regulations are enforced Fort Stewart will likely be in a non-attainment area. It seems that the elevated PM is from regional sources.
There also is an indication that the forest stands present on the installation may actually act to clean the air and improve general air quality. This effect could be very useful when calculating and negotiating pollution credits, especially if the Army is allowed to obtain credit for the removal of PM at one installation and apply it to specific releases at the same or other installations. Further sampling away from towers would be needed to clarify the relationship between forest canopy and air quality on the installation.
The PM emission from tank trails did not appear to be related to soil type, which indicates a GISbased analysis to scale emissions according to soils type will not work at this site. Since the soil map was not a good predictor of release from roadways, the effort to map the installation with the MDM should continue, with emphasis on dry down after major precipitation events. There was a wide range in relative PM production observed with MDM and, as expected, temporal proximity to rainfall events dominated the release. Roadway emissions studies needed to develop AP-42 emission factors were not completed because of rainfall during the scheduled roadway emissions and MDM calibration effort.
Sampling of tank trails does indicate persistence of "hot spots" of elevated PM production even after the trail is wet by recent rains. A full mapping effort would be useful at this site to facilitate dust mitigation efforts on the installation. An effort to identify road segments with high PM for treatment may solve a local dust problem, but have a small effect on the overall PM2.5 concentrations if the installation PM is chemically similar to the eastern United States PM samples, which indicate that geological contributions are a small portion of the PM measured. A chemical analysis of Fort Stewart samples would help to determine if there is a greater fraction of geological materials and might help explain the poor correlation between Savannah and Fort Stewart data.
Some high PM values were measured, but not included in the analyses because they were believed to represent localized sources near the base of the sampling towers. These data suggest that some localized elevated PM production may occur in proximity to the diesel generators operating under camouflage netting.
Other PM-related tasks not funded by Fort Stewart are underway to improve and automate the processing of spatial and temporal data sets collected at FORSCOM installations. The first approach uses GIS-based statistical techniques to determine the footprint of the wind vectors around a sampling point. The number of troops located within this footprint, upwind of the sampling points, can be correlated with corresponding PM measurements. This would allow for a better regression analysis between the troop numbers and PM concentration. A second method involves the use of the GIS-based version of the 5.2 CALPUFF transport model (funded through SERDP) that will allow the user to quickly assign PM sources and look at modeled concentration and compare those to measured values.
Further interaction with the Fort Stewart staff responsible for populating the RFMSS database would help determine the reliability of temporal information such as start and stop times for training areas. The use of RFMSS, GPS vehicle tracking (often referred to as Star Wars data) or directional vehicle counting would greatly enhance the success of either approach. A.4 
